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Nanomaterials are classified based on various parameters including material, size (dimension), shape, etc. with each of them have different applications. Today, nanoparticles (which are the nanomaterial with 3 dimensions) with unique characteristics and tunable optical properties provide valuable cell therapy methods. Great progress has been made in the use of metal nanoparticles for biomedical applications due to their unique size and shape properties. [3] [4] [5] [6] Among metallic nanoparticles, gold and silver nanoparticles are highly regarded with increased use in biomedical field. 3, 7, 8 Nanoparticles are most widely used in the biomedical fields for diagnosis and treatment of cancer. Treatment of tumours surrounded by vital tissues is problematic and there is a probability that tumour margins remain unclear. On the other hand, cutting healthy tissues may lead to unacceptable beauty and medical results. Application of nanoparticles provides a high degree of accuracy. On the other side near infrared (NIR) radiation is an interesting energy source as human blood and body tissues have the minimum absorption in this wavelength, thus deeper tissues can be reached. 9 The unique features of lasers such as photo-thermal properties and the extremely small size of nanoparticles (which creates new physical effects that are mainly a result of domination of the quantum properties in contrast to classical properties), provide an interesting combined therapeutic effect. Thermal therapy procures a fast recovery, shorter hospital stay, less complications and is easy to perform. 10 There are a variety of nanoparticles, and each has its own unique properties and applications such as nanorings, nanoshells, nanorods, nanopores and nanowires, etc. Depending on the peak absorption of nanoparticles, different lasers are used. For example researchers have investigated NIR-tunable nanostructures (nanoshells, [11] [12] [13] nanorods, 14 and nanoclusters, 13, 15 etc) for photo-thermal functionality. 16 In fact nanoparticles that have been synthesized to date, have the most absorption in the wavelength range of 600-1200 nm (laser diode). In the future, nanoparticles with maximum absorption in other wavelengths may be synthesized. Liver, spleen and kidneys are sites that are most effected by nanoparticles. 17 Morbidity and renal complication are the cause of use of gold nanoparticles modified with certain thiol monolayers such as tiopronin. 18 Variable toxicity of nanoparticles is achieved through different size and the material which coats them. For example glutathione-coated gold nanoparticles have 100% survival rate even at concentrations up to and including 60 μM. 18 Investigations show that nanoclusters with smaller size can effectively reduce their toxicity. 17, 19 The excretion of nanoparticle is through renal clearance. 17 The aim of this study was the review of the literature in which lasers and nanoparticles were used simultaneously to treat cancers with epithelial origin.
Results
A thorough search in electronic sources Science Direct, PubMed, Google Scholar was performed for clinical articles between 2000 and 2013 with the following keywords "Au nanoparticle, " "Ag nanoparticle, " "Cancer therapy, " "Laser, " and "Combination of Au/Ag in cancer therapy. " Overall, 400 articles were found in relation to nanoparticles and lasers topics, among which 250 articles used nanoparticles and lasers in combination while in more than 50 articles nanoparticles and laser were used together in the treatment of cancer with epithelial origin. Most of these studies addressed breast cancer but could be extended to oral tumours. After assessment of the articles, they have been categorized into different groups based on the type of nanoparticles used in combination with lasers.
Studies on Gold Nanoparticles (Au) Use in Combination With Laser
As mentioned above great progresses have been made in the use of metal nanoparticles especially gold. Because of their unique properties which depend on their size and shape, nanoparticles are used for medical purposes. Among different nanostructures gold nanoparticles are the most appropriate candidate in photothermal sensitizing for the following reasons: they powerfully absorb laser light, are nontoxic, easily conjugates with proteins and antibodies and have tunable optical properties. 3 Different types of nanoparticles were used in various experiments which consisted of silica gold nanoshells, gold nanorods, gold nanocages, gold-gold sulfide nanoparticles and hollow gold nanoshells. These nanoparticles have good absorption in NIR spectra which provides the most transformation and the least reflection of light in vital tissues. Transformation of nanoparticles can be done in a systemic way (through intravenous injection). 9, 10 Many studies have been done in this field.
In Vitro Studies
In 2012, Kuo et al evaluated dual-modality photodynamic therapy (PDT) and photothermal therapy (PTT) by gold nanomaterials conjugated with indocyanine green. Hu 20 Kessentini and Barchiesi compared quantitatively optimized nanorods, nanoshells and hollow nanospheres for PTT. Several study groups consisting of shallow cancer (e.g. skin cancer) and deep cancer conjugated with different types of nanoparticles: (1) nanorods: (a) spheroid (b) cylinder (c) capped cylinder, (2) nanoshells, and (3) hollow nanospheres (different sizes). The samples were exposed to pulsed laser (633 nm laser [shallow cancer] and 800 nm [deep cancer]). They found that the hollow nanospheres are more efficient for shallow cancer therapy; whereas hollow nanospheres and nanorods, present similar absorption efficiencies for deep cancer therapy. 21 In 2011, Fekrazad et al investigated the use of anti-HER2 immuno-nanoshells in treatment of oral squamous cell carcinoma. HER2-positive KB cells and HER2-negative HeLaS3 were bound with gold-silica nanoshell conjugated with anti-her2 (100 nm) and then exposed to laser irradiation at 810 nm and 4 W/cm 2 for 2 minutes. Significant cell death in the KB tumour cell cultures was reported, while there was no evidence of cellular damage or death in the HeLaS3. 22 Day et al 23 investigated the diagnosis and treatment of cancer by antibody-conjugated gold-gold sulfide nanoparticles. SK-BR-3 breast carcinoma conjugated with antti-HER2 antibodies conjugated GGS-NPs was exposed to an 800 nm pulsed laser, consisting of low laser powers (1 mW) for making image and high laser powers (50 mW) for inducing cancerous cells to death. Regarding this study, imaging and therapeutic capability of nanoparticles depended on the amount of laser power. 23 Other studies in this area have been summarized in Table 1 .
Animal Studies
Considering the positive results of several in vitro studies, researchers have continued their work on animal models. In 2012, Ma et al showed that Au capped magnetic core/ mesoporous silica shell nanoparticles have a synergistic influence of mixed chemo-and photo-thermo therapy. Human breast cancer MCF-7 cells which were seeded in 96-well plate were exposed to 808 nm high power multimode pump laser at a power density of 2.0 W/cm 2 with a beam diameter of 5 mm for 5 minutes. A synergistic effect in loosing viability of cancer cells was reported. They also evaluated this effect in an in vivo study. Walker 256 cells were implanted into SD mice and Au NRs were injected into the tumours under anaesthesia. Then the mice were irradiated by 808 nm high power multimode pump laser (beam diameter of 5 mm and power density of 2.0 W cm -2 ) for 5 minutes. They could lower the dosage of anti-cancer drug through the synergistic effect, so the toxicity of the drug was limited. 25 In 2011, Xie et al showed that Integrin αvβ3-targeted gold nanoshells increase tumour vasculature-specific imaging and therapy. HNSCC cell line SCC-4 were inoculated subcutaneously in nude rats for PET imaging for setting up an HNSCC xeno graft model. Then 64Cu-NS-RGDfK was injected into the rats' tail veins and PET imaging was done. For thermoablation analysis the subcutaneous colorectal cancer xeno graft was performed in nude mice, using HCT116 human tumour cells. Then, NS-PEG5K and NS-RGDfK solutions were injected via the tail vein (in each group 2 mice) and mice were exposed to 808 nm NIR laser light with a spot size of 1 cm and 1.2 W 75% duty cycle. Improvement of tumour targeting by conjugation of NSs to cyclo (RGDfK) was seen in all test groups.
However, more tumour necrosis was observed in subablative group. 49 Similar studies are summarized in Table 2 . Accordingly, it can be concluded that gold nanoparticles and lasers can be used in the treatment of cancer.
Studies Using Silver Nanoparticles (Ag) in Combination With Laser Prominent for their antibacterial and wound healing behaviour, silver nanoparticles have lately made their way into cancer therapies. 65 When tested on living cells, they were captivatingly shown to have dual activity, inhibiting the growth and the division of tumour cells and their nuclei, while being biocompatible for the healthy ones. 66, 67 Further recent results exemplify that silver nanoparticles with different sizes could enhance magnetic induced thermo-sensitivity of glioma cells depending on their size.
68
In Vitro Studies In 2011, Boca et al investigated chitosan-coated triangular silver nanoparticles as a novel set of biocompatible and very effective photo-thermal transducers for in vitro cancer cell treatment. In this study they reported the performance of newly synthesized chitosan-coated silver nano-triangles (Chit-AgNTs) with strong resonances in NIR to operate as photo-thermal agent against a line of human non-small lung cancer cells (NCI-H460). The results revealed a novel class of biocompatible plasmonic nanoparticles with high potential to be implemented as effective phototherapeutic agent in the battle against cancer. 65 As these studies (Table 3) show, silver nanoparticles are effective in cancer therapy.
Combination of Au/Ag
Only two papers have discussed the application of laser with a combination of silver and gold nanoparticles, probably because of the similar advantages of both elements. In 2008, Huang et al investigated the effect of selective PTT on mixed cancer cells, using aptamer-conjugated nanorods. To reach this aim they designed an aptamer-based nanoparticle, which could treat targeted cancer cell selectively and efficiently. They also showed that in contrast with other nanomaterials such as gold nanorods or nanoshells which need high power of laser irradiation, this combination of Au-Ag nanorods requires less laser irradiation to induce cell death in cancerous tissues. . 72 Other similar studies have been summarized in Table 4 .
Discussion
The combination of nanoparticles and laser therapy elim-Laser Therapy and Metal Nanoparticles in Cancer Treatment Table 1 Gold nanoshells consisted of a 120 nm silica core with a 12-15 nm gold shell (Nanospectra Biosciences, Inc., Houston, Texas). In the second mechanism murine macrophage is used and it is labeled with cell fluorescent dye PKH26GLred. Then gold nanoshells are loaded to the macrophages under 710 to 820 nm light and the tumour/macrophage hybrid is produced by centrifusion. Afterwards, the hybrid is irradiated with 810 nm laser with the power density of 2-28 W/cm 2 . Laser light not only destroys the macrophages but is also toxic to the surrounding cells. 27 A brief survey shows that no study has been done on humans and most of the studies have been done in vitro and some of them on animals. The reason might be limited volunteer patients, and the fact that this method is a complicated and novel science. Studies also showed that in treatment of cancer cells the most used nanoparticle are gold (Au) and silver (Ag) nanoparticles or to a lesser extent, a combination of gold and silver nanoparticles. Besides, the highest laser wavelength is in the visible and NIR range (400-1200 nm), so the outcome is related to the optical properties of the biological tissues. In all in vitro and animal studies, the result of combined use of nanoparticle and laser for therapeutic purposes was the death of cancerous cells and enhancement of tumour contrast for imaging intentions. 3, 7, 25, 38, 48 The type of Laser applied in most of the investigations was NIR with wavelength spectra of 785 nm up to 1046 nm, 4, 7, 10, 15, 21, 39, 40, 56, 59 with 808 nm wavelength used more frequently. 10, 20, 25, 29, 34, 41, 49, 62, 72 As mentioned earlier, the 808 nm wavelength was the most effective in studies aiming at photothermal destruction of cancer cells. The absorption peak of gold nanoparticles can be modulated by creating different shapes and size. 73, 74 Another investigated wavelength was in the visible light spectra: 420 nm up to 690 nm. 3, 15, 21, 33, 35, 38, 46, 56, 70 The appplication of this wavelength was mostly in generating nanobubbles 15, 33, 35, 38, 46 
+
Antibodies anti-HER2, anti-EGFR were used the most to conjugate with nanoparticles and acts as nanocarriers. 3, 34, 35, 39, 40 Some studies used macrophages as biocarriers of nanoparticles, through phagocytosis. 7, 27 The main tasks of macrophages are to overwhelm and digest alien material of the body, so they easily move due to their migration capability and can simply surround cancer tumours. Besides macrophages are exceedingly located inside and around cancer tumours, while some studies show that up to 30% of cancer tumours consist of macrophages. 7, 27 Most studies used gold as the only nanoagents. These nanoparticles powerfully absorb laser light, are nontoxic, easily conjugates with proteins and antibodies, and have tunable optical properties. 3 Two studies focused their investigations only on silver nanoparticles 65, 70 that were also effective in cancer therapy, but no study compared gold only and silver only nanoparticles with each other. Two studies investigated the combination of gold and silver as a unit agent, 71, 72 which showed better performance than gold alone. Disadvantages of lasers and nanoparticles combined therapy include high cost and difficulty finding identical particles. Besides, it requires complicated and advanced technology which may not be easily obtained.
Conclusion
It can be concluded that laser and nanoparticles together are a novel class of cancer therapy and diagnosis. More studies should be done to identify the most effective nanoparticles and laser wavelength. Also, more animal studies and clinical trials need to be done as mandated by the lack of valid enough studies in this field. These methods and mechanisms can be used as a treatment modality to aid cure cancers in future.
